To test whether pulmonary and extrapulmonary acute lung injury (ALI) of identical mechanical compromise would express diverse morphological patterns and immunological pathways. For this purpose, a model of pulmonary (p) and extra-pulmonary (exp) ALI with similar functional changes was developed and pulmonary morphology (light and electron microscopy), cytokines levels and neutrophilic infiltration in the bronchoalveolar lavage fluid (BALF), elastic and collagen fibers content in the alveolar septa, and neutrophil apoptosis in the lung parenchyma were analyzed. BALB/c mice were divided into four groups. In control groups (Cp and Cexp), saline was intratracheally (i.t., 0.05 ml) instilled and intraperitoneally (i.p., 0.5 ml) injected, respectively. In ALIp and ALIexp groups, mice received E. coli lipopolysaccharide (10 µg, i.t. and 125 µg, i.p., respectively). The changes in lung resistive and viscoelastic pressures, and static elastance, alveolar collapse and cells content in lung tissue were similar in ALIp and ALIexp groups. ALIp group presented a threefold increase in IL-8 and IL-10 levels in the BALF in relation to ALIexp, whereas IL-6 level showed a two-fold increase in ALIp. Neutrophils in the BALF were more frequent in ALIp than in ALIexp group. ALIp group showed more extensive injury of alveolar epithelium, intact capillary endothelium, and apoptotic neutrophils, while ALIexp group presented interstitial edema, intact type I and II cells and endothelial layer. In conclusion, given the same pulmonary mechanical dysfunction independently of the etiology of ALI, insult in pulmonary epithelium yielded more pronounced inflammatory responses, which induce ultrastructural morphological changes.
Introduction
The acute respiratory distress syndrome (ARDS)/acute lung injury (ALI) is thought to be an uniform expression of a diffuse and overwhelming inflammatory reaction of the pulmonary parenchyma to a variety of serious underlying disease (6) . The pathogenesis of ALI has been explained by the presence of a direct ("primary" or "pulmonary") insult to the lung parenchyma, and/or indirect ("secondary" or "extra-pulmonary") insult, that results from an acute systemic inflammatory response (6, 34) .
Although various causes of ALI result in similar pathologies in the late stage (2, 7, 22, 33) , evidences indicate that the pathophysiology of early ALI may differ according to the type of the primary insult (22-24, 40, 42, 45) . Data regarding respiratory mechanics and radiographic appearances suggest that there may be discernible differences in the pulmonary response to direct and indirect insults (8, 11, 13) . In fact, differences in the initial insult, combined with underlying conditions, can result in the activation of different immune-inflammatory mechanisms. By understanding the range of pathways that leads to pulmonary dysfunction, it may be possible to assess several novel treatments in an attempt to modify lung injury.
The aim of the present study is to test whether pulmonary and extrapulmonary acute lung injury of identical mechanical compromise would express diverse morphological patterns and immunological pathways. To that end, we developed BALB/c mice models of pulmonary and extra-pulmonary ALI induced by E. coli lipopolysaccharide (LPS) with similar functional changes. Considering the similar lung mechanical changes, we compared: a) the pulmonary morphology by using light and electron microscopy, b) cytokines levels and neutrophilic infiltration in the bronchoalveolar lavage fluid (BALF), c) elastic and collagen fibers content in the alveolar septa, and c) neutrophil apoptosis in the lung parenchyma.
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Materials and Methods
Animal Preparation
A total of fifty-six BALB/c mice (20-25 g ) were used. Twenty-eight animals were randomly assigned into four groups of 7 animals each. In Cp and Cexp groups, warm saline (0.9% NaCl)
was intratracheally (i.t., 0.05 mL) instilled and intraperitoneally (i.p., 0.5 mL) injected, respectively. In ALIp and ALIexp groups, mice received lipopolyssaccharide (LPS, Escherichia coli, O55:B5, 10 µg in 0.05 mL of saline/mouse, i.t. and 125 µg in 0.05 mL of saline/mouse, i.p., respectively). These doses of E. coli LPS were able to yield a 1.5-fold-increase in lung static elastance in comparison to control groups. For intratracheal instillation mice were anesthetized with sevoflurane, a 1-cm-long midline cervical incision was made to expose the trachea, and LPS or saline were instilled with a bent 27-gauge tuberculin needle. The cervical incision was closed with 5.0 silk suture and the mice returned to their cage. The animals recovered rapidly after surgery.
All animals received human care in compliance with the "Principles of Laboratory Marlboro, MA, USA), and stored on a microcomputer. All data were collected using LABDAT software (RHT-InfoData Inc., Montreal, Quebec, Canada). were determined. Pulmonary mechanics measurements were performed 10 times in each animal. All data were analyzed using ANADAT data analysis software (RHT-InfoData Inc., Montreal, Quebec, Canada).
Measurement of respiratory system mechanics
Histology and Morphometry
Light microscopy
Heparine (1000 UI) was intravenously injected immediately after the determination of respiratory mechanics. The trachea was clamped ten minutes later at end-expiration, and the abdominal aorta and vena cava were sectioned, yielding a massive hemorrhage that quickly killed the animals. Then, lungs were removed en bloc at functional residual capacity. Two investigators, who were unaware of the origin of the material, performed the microscopic examination.
In order to perform morphometric analysis of lung parenchyma, the right lung was quickfrozen by immersion in liquid nitrogen and fixed with Carnoy's solution (32) and embedded in paraffin. Four-µm-thick slices were obtained by means of a microtome and stained with hematoxylin-eosin. Morphometric analysis was performed with an integrating eyepiece with a coherent system made of a 100-point grid consisting of 50 lines of known length, coupled to a conventional light microscope (Axioplan, Zeiss, Oberkochen, Germany). Volume fraction of collapsed and normal pulmonary areas was determined by point-counting technique, made at a magnification of x400 across ten random non-coincident microscopic fields (43) . Polymorphoand mononuclear cells, and pulmonary tissue were evaluated at x1000 magnification. Points falling on tissue area were counted, and divided by the total number of points in each microscopic field. Thus, data were reported as the fractional area of pulmonary tissue (43) . The same method was applied to determine the amount of polymorpho-and mononuclear cells. 
Evaluation of bronchoalveolar lavage fluid (BALF)
Another twenty-eight animals (seven mice/group) were submitted to the same protocol previously described to obtain aliquots of BALF. The animals were killed in a CO 2 chamber 24 h after saline or LPS administration. The mice were exsanguinated, and BALF collection was carried out by flushing the lungs eight times with 0.5 ml of 37°C sterile, pyrogen-free, physiological saline (0.9% NaCl) via the tracheal cannula. Total leukocyte counts in the BALF were performed in Neubauer chambers under optical microscopy after diluting the samples in Türk solution (2% acetic acid). Differential leukocyte counts were performed in cytospin smears stained by the May-Grünwald-Giemsa method. Levels of IL-6, KC (murine homolog to IL-8)
and IL-10 in the cell-free BALF were evaluated by ELISA in accordance with the manufacturer's instructions (Duo Set, R&D Systems, Minneapolis, USA).
Statistical analysis
The mechanical and morphometrical parameters and cytokines gathered from the Cp, Cexp, ALIp and ALIexp groups were compared using Two-way ANOVA. The significance level was set at 5%. Statistical analyses were done with SigmaStat (Jandel Scientific, San Rafael, CA, USA).
Results
There were no statistically significant differences in flow and volume among the groups (Table 1) . P1, P2, Ptot, and Est were higher in ALIp and ALIexp than in Cp and Cexp, respectively ( Table 1 ). The changes in lung mechanics were similar in ALIp and ALIexp groups.
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Total and polymorphonuclear cell contents in lung tissue increased similarly from Cp and Cexp groups to ALIp and ALIexp, respectively. The fraction of alveolar collapse was higher in LPS groups than in control groups. There was no difference in alveolar collapse between ALIp and ALIexp groups ( Table 2 ). Collagen fibre content was greater in ALIp and ALIexp than in Cp and Cexp groups. The amount of collagen fiber was already elevated 24 h after tissue damage independent of the etiology of lung injury. Elastic fiber content remained unchanged among the four groups ( Table 2 ).
There was an increment in IL-6, KC, and IL-10 levels in the BALF 24 hours after the E.
coli LPS-induced ALI. ALIp group presented a threefold increase in KC and IL-10 in relation to
ALIexp group whereas IL-6 was approximately doubled in ALIp group (Table 3) . In ALIp group, BALF analysis also demonstrated an intense neutrophil infiltration in the alveolar space (Table 4) .
Neutrophil apoptosis was more pronounced in ALIp group (2.6±0.4%) than in ALIexp group (0.9±0.1%). The detection of apoptotic cells by in situ end labeling of fragmented DNA was supported by the fact that pathological criteria for apoptosis were also met at electron and light microscopic view.
Intratracheal instillation of LPS (ALIp group) was followed by extensive injury of alveolar epithelium, swollen and fragmented type I and II cells (lamellar bodies in the alveolar space), intact capillary endothelium, hyaline membrane formation, and apoptotic neutrophils in electron microscopy ( Fig. 1) . In contrast, electron microscopy from ALIexp group (intraperitoneal injection of LPS) showed interstitial edema formation and preservation of lung epithelial and endothelial layers. Type III collagen appeared early in the course of ALIp and ALIexp groups.
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Discussion
The present work disclosed that, given the same pulmonary mechanical changes, direct insult to the pulmonary parenchyma in ALI induced by intratracheal instillation of E. coli lipopolysaccharide yielded more pronounced inflammatory responses than indirect insult induced by intraperitoneal LPS administration. The direct insult resulted in ultra structural morphological changes accompanied by an increase in cytokine levels and neutrophilic infiltration in the bronchoalveolar lavage fluid, thus indicating a distinct pathogenic mechanism.
There is a general belief that ALI is the extreme form of a spectrum of lung injury caused by a uniform mechanism that is independent of the precipitating disease (1). This assumption mainly originates from pathology studies, which have consistently indicated that the lung response to injury is stereotyped, with transition from acute alveolar capillary damage to a late proliferative phase, quite independently of the initial cause. Unfortunately, most of the studies report late or terminal events, and pathologic features of early phases of ARDS such as interstitial edema and alveolar collapse are not easily recognized. Other limitation in assessing the possible differences between ALI resulting from pulmonary disease and that resulting from extra-pulmonary disease is the determination of the severity of the lung injury, yielding the comparison between the two conditions unwarranted. Furthermore, it is possible that direct and indirect insults coexist in the same subject, making it difficult to evaluate these two entities separately. In the experimental models of ALI used in this study, the animals breathed spontaneously. However, all previous studies dealing with pulmonary and extrapulmonary ALI investigated conditions in which mechanical ventilation was initiated (11, 17, 23 allowing a correct analysis of the morphological alterations and inflammatory pathways involved in this process. Thus, these models allow the investigation of the pure lung effects of pulmonary and extrapulmonary acute lung injury.
The method used for determination of pulmonary mechanics allows the identification of its elastic, resistive, and viscoelastic and/or inhomogeneous components (3, 4) . Lung static elastances, resistive, viscoelastic/inhomogeneous pressures increased similarly in both ALI groups (Table 1) . Prior studies described changes in lung resistance and elastance in ALI, resulting from surfactant dysfunction and/or loss of functional capacity due to alveolar flooding (14, 15) . The augment in lung viscoelastic and/or inhomogeneous pressure suggests the presence of heterogeneities that can be due to many different factors, e.g., alveoli collapse and overdistension, distortion of patent alveoli, edema, and inflammation with neutrophils and mononuclear cells infiltration (Table 2) .
Previous studies in humans investigated patients with extrapulmonary acute respiratory distress syndrome related to abdominal causes. They partitioned respiratory system in lung and chest wall components and observed a marked increase in chest wall elastance because of the raise in intra-abdominal pressure (11, 34, 35) . In critically ill patients, data on intra-abdominal pressure are scarce (25, 35) . Conversely in the present study, we analyzed only the lung Light microscopy analyses showed similar increment in alveolar collapse and tissue cellularity 24 hours after the induction of the lesion (Table 2) . However, analyzing the electron microscopy in ALIp, an extensive injury of alveolar epithelium, swollen and fragmented type I and II cells (lamellar bodies in the alveolar space), intact capillary endothelium, ductal hyperdistension, neutrophil recruitment into the alveolar space, proliferation of fibroblasts into the alveolar septa, the presence of collagen fiber type III and hyaline membranes were observed.
ALIexp group presented interstitial edema, the presence of collagen type III and intact types I and II cells. On the contrary, Hoelz and colleagues described the morphological differences between pulmonary lesions in acute respiratory distress syndrome originating from pulmonary and extrapulmonary ARDS patients and observed a predominance of alveolar collapse, fibrinous exudates, and alveolar wall edema in pulmonary ARDS (17). The morphological difference between pulmonary and extrapulmonary ARDS was mainly quantitative in extent and distributed according to the underlying disease. However, the study by Hoelz and colleagues used biopsy Collagen fiber content increased similarly 24 h after tissue damage independent of the etiology of lung injury ( Table 2 ), indicating that the biochemical processes implicated in collagen synthesis are indeed able to react very quickly to the aggression (37, 38) . In addition, type III collagen fiber was identified at electron microscopy. It has been described that type III collagen fiber, which is more flexible and susceptible to breakdown, appears early in the course of lung injury (36) . The present study showed that elastic fiber content did not increase early in the course of lung injury both in ALIp and ALIexp. The absence of elastosis in this model of ALI could be attributed to the intensity of lung injury (37, 39). Rocco and colleagues observed that with a high dose of paraquat (25 mg/kg) elastogenesis appears early in the course of lung injury and with 10 mg/kg there is a late increment of elastic fiber content (38) . Therefore, there is a degree of lung injury responsible for the beginning of elastogenesis independently of the time course of ALI. Additionally, the mechanism triggering fibrogenesis seems to be different from that of elastogenesis (39).
The levels of inflammatory cytokines (IL-6, KC, and IL-10) in the bronchoalveolar lavage fluid were quantified and correlated with lung function and histology (light microscopy).
Although functional and morphological pulmonary changes were similar independently of the ALI group presented a threefold increase in KC and IL-10 levels in the BALF in relation to extrapulmonary ALI, whereas IL-6 was apparently doubled in pulmonary ALI group. Thus, it is important to differentiate between direct and indirect pathophysiologic pathways, as the underlying mechanisms seem to be different in the two conditions, at least during the early phase, and this may influence the approach to treatment. demonstrated to inhibit neutrophil apoptosis (1, 12, 27) . Engulfment of apoptotic cells by phagocytes is thought not only to remove the dying cell from the tissues but also to provide protection from local damage resulting from release or discharge of pro-inflammatory substances (16) . Moreover ingestion of apoptotic cells actively suppresses the production of proinflammatory cytokines in a mechanism dependent on TGF-1 and PGE 2 production (10, 18), resulting in accelerated resolution of inflammation, and has a protective role in the mortality and lung injury in models of ALI (18, 41) . In our study we observed that the amount of apoptotic neutrophils was higher in pulmonary than in extrapulmonary ALI, although the animals had the same degree of pulmonary mechanical dysfunction. Further studies would be necessary to verify if differences could be observed in later time points in terms of pulmonary mechanical dysfunction or in inflammatory resolution when pulmonary and extrapulmonary ALI´s are compared.
In conclusion, given the same pulmonary mechanical dysfunction independently of the etiology of ALI, direct insult yielded more pronounced inflammatory responses, which induced ultrastructural morphological changes. These models allow for the understanding of the mechanisms regulating the inflammatory and fibroproliferative responses. Although an exaggerated inflammatory response underlies the pathogenesis of pulmonary ALI at the early phase, the amount of collagen fiber was similar in pulmonary and extrapulmonary ALI, suggesting that inflammation and fibrosis could be dissociated.
The distinction between pulmonary and extrapulmonary ALI is not always clear and simple, and the observation of some overlapping in pathogenic mechanisms and morphological alterations may be frequent. Thus, we need to strongly reconsider acute respiratory distress syndrome as a consistent response to its diverse etiology. It is our proposal that despite similar Values are means ±SEM of 7 animals in each group. Cp and Cexp groups = saline was intratracheally (i.t., 0.05 ml) instilled and intraperitoneally (i.p., 0.5 ml) injected, respectively.
ALIp and ALIexp groups = mice received E. coli LPS (10 µg, i.t. and 125 µg, i.p., respectively).
Total cellularity, percentage of polymorphonuclear (PMN) and mononuclear (MN) cells in the bronchoalveolar lavage fluid. *Significantly different from Cp and Cexp groups (p<0.05).
